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GAMMA-RAY MULTIPLICITIES I N  6 ~ i  INDUCED REACTIONS 
* J. Wiggins, P.P. Singh, H. Karwowski, S. Kailas,  T. Sjoreen, and D.G. ba ran t i t e s  
A m u l t i p l i c i t y  se tup  cons i s t i ng  of seven 2" x 3" 
NaI(T1) de t ec to r s  i n  conjunction with a Ge(Li) de t ec to r  
has  been constructed and t e s t ed .  A lead  sh i e ld  was 
designed t o  al low each de t ec to r  t o  view t h e  t a r g e t  with 
a minimum of ' c ross  t a l k '  between them. The 2" x 3" 
NaI c r y s t a l s  mounted on SRC 50 B01/2 and SRC 52 ~ 0 1 1 2  
photomultipU.er tubes  were obtained from Bicron company 
and a t e  observed t o  produce a t yp i ca l  energy r e so lu t ion  
of 6-7% f o r  662 keV 13'cs gamma-rays. The vo l t age  
d iv ide r  was constructed l o c a l l y  and the  ope ra t ive  
vol tage  was optimized f o r  ga in  s t a b i l i t y  a t  high count 
r a t e s .  In  f i gu re  l a  t h e  pulse  he ight  spectrum wi th  a 
2 2 ~ a  source and i n  f i g u r e  l b  t h a t  obtained during 95 
MeV 6 L i  bombardment of 1 6 5 ~ o  t a r g e t  i n  one of t he  NaI 
de t ec to r s  a r e  presented.  The mul t i fo ld  coincidence 
gamma-ray spec t r a  i n  t he  Ge(Li) de t ec to r  were found t o  
be of s i m i l a r  q u a l i t y  a s  obtained wi th  t he  Washington 
Universi ty se tup  (see  1977-78 IUCF Annual Report) . 
During t h e  experimental s e t t i n g  i t  is  planned t o  
record the  energy spec t r a  i n  Ge(Li) and 4 NaI de t ec to r s ,  
coincident  fo ld  information of  t he  NaI de t ec to r s ,  
r e l a t i v e  times of t he  NaI s igna l s  wi th  r e spec t  t o  t he  
beam and wi th  r e spec t  t o  t h e  Ge(Li) i n  an  event  mode. 
A general  use computer program, MAKEAR?) has  been 
w r i t t e n  t o  s o r t  event  d a t a  onto any number of mult i-  
dimensioned a r r ays  on t h e  d i sk .  Another program is  
being w r i t t e n  t o  compute m u l t i p l i c i t y  wi th  e x p l i c i t  
account of t h e  known po r t i on  of t h e  cascade and with 
co r r ec t ions  f o r  angular  c o r r e l a t i o n s  i n  gamma rad i a t i on ,  
acc iden ta l  coincidences,  e l e c t r o n i c  coincident  e f f i c -  
iency,  i n t e r n a l  conversion, and coinc ident  neutron 
events . 
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Figure 1. 
The prel iminary r e s u l t s  from a  t e s t  run wi th  95 
MeV 6 ~ i  on 1 6 5 ~ 0  a r e  p lo t t ed  i n  f i g u r e  2  f o r  t he  f i n a l  
nucleus 1 6 4 ~ b .  The i n t e r e s t i n g  f ea tu re s  of these  re- 
s u l t s  a r e  (-a) a  change of 0.43 u n i t s  i n  m u l t i p l i c i t y  
per u n i t  change i n  t h e  s p i n  of t he  emi t t ing  s t a t e  be- 
yond t h e  8 + 4 +  t r a n s i t i o n  and (b) a  r a t h e r  cons tant  
va lue  of m u l t i p l i c i t y  below t h e  8 + 4 +  t r a n s i t i o n .  A 
change of 112 u n i t  i n  m u l t i p l i c i t y  per  u n i t  s p i n  is  
expected i f  i t  is  assumed t h a t  t h e  gamma-emitting cloud 
(see  i n s e t  i n  f i g u r e  2) is p a r a l l e l  t o  t he  y r a s t  l i n e  
and t h a t  s t a t i s t i c a l  t r a n s i t i o n s  t o  the  y r a s t  l i n e  have 
t h e  same m u l t i p l i c i t y  i r r e s p e c t i v e  of t he  s p i n  of t he  
i n i t i a l  s t a t e  of the cloud. I n  t h i s  p i c t u r e ,  d a t a  a r e  
cons i s t en t  wi th  l e s s  than f i v e  s t a t i s t i c a l  t r a n s i t i o n s  
and t h e  p l a t eau  i n  m u l t i p l i c i t y  below a  p a r t i c u l a r  J'
(8+ i n  t h i s  example) impl ies  t h a t  f o r  t h i s  f i n a l  nucleus 
t he  ent rance  cloud has  a  lower l i m i t  i n  sp in .  I n  o the r  
words, s t a t e s  of  sp in  lower than 8+ a r e  not  populated 
s i g n i f i c a n t l y  through d i r e c t  feeding from s t a t e s  of 
h igher  exc i t a t i on .  
A s i m i l a r  i nc rease  i n  m u l t i p l i c i t y  wi th  J was seen 
f o r  16%b produced i n  66 MeV 6 ~ i  bombardment of l 6  5 ~ o  
except  t h a t  no p l a t eau  was observed f o r  lower J va lues .  
This impl ies  t h a t  a t  lower bombarding energies ,  and 
corresponding lower e x c i t a t i o n  of t he  compound nucleus,  
t h e  gamma-emitting cloud extends over r e l a t i v e l y  lower 
s p i n  values.  Detai led s t u d i e s  of  t h i s  and o t h e r  phenom- 
ena using t h e  gamma m u l t i p l i c i t y  f i l t e r  and/or i n  
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Figure 2. 
conj untion with X-ray mu1 tiplici ty signatures are 
planned. 
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